For orthology estimation EDGAR uses bidirectional best BLAST (1) hits (BBHs) with a generic orthology threshold calculated from the similarity statistics of the compared genomes. EDGAR still uses the BLAST Score Ratio Value (SRVs) approach suggested by Lerat et al. (2) and described in the initial publication of the EDGAR framework (3). In short, the bit scores of all alignment results provided by the BLAST algorithm are normalized in relation to the maximal achievable bit score, the score of the self-hit of a gene. In contrast to EDGAR 1.0, the threshold estimation from the SRV statistics was changed from a sliding window approach to a statistical approach based on the beta distribution. The number of BLAST hits with a given SRV is still summed up and represented in a histogram for all SRV values, and a beta distribution is calculated from the mean and standard deviation of the observed SRVs within an interval [0,0.4]. A 97% quantile of the density function of the beta distribution is defined as the border of the left low SRV score peak and thus as the orthology cutoff for a pairwise genome comparison. The 97% cutoff is based on manual inspection of hundreds of SRV histograms. A typical bimodal SRV histogram with fitted beta distribution is shown in Figure 1 .
IMPROVED ORTHOLOGY ESTIMATION
For orthology estimation EDGAR uses bidirectional best BLAST (1) hits (BBHs) with a generic orthology threshold calculated from the similarity statistics of the compared genomes. EDGAR still uses the BLAST Score Ratio Value (SRVs) approach suggested by Lerat et al. (2) and described in the initial publication of the EDGAR framework (3). In short, the bit scores of all alignment results provided by the BLAST algorithm are normalized in relation to the maximal achievable bit score, the score of the self-hit of a gene. In contrast to EDGAR 1.0, the threshold estimation from the SRV statistics was changed from a sliding window approach to a statistical approach based on the beta distribution. The number of BLAST hits with a given SRV is still summed up and represented in a histogram for all SRV values, and a beta distribution is calculated from the mean and standard deviation of the observed SRVs within an interval [0,0.4]. A 97% quantile of the density function of the beta distribution is defined as the border of the left low SRV score peak and thus as the orthology cutoff for a pairwise genome comparison. The 97% cutoff is based on manual inspection of hundreds of SRV histograms. A typical bimodal SRV histogram with fitted beta distribution is shown in Figure 1 .
This procedure is repeated for all possible combinations of compared genomes, resulting in n 2 combinations for a set of n genomes. The final orthology threshold for the complete genome set is generated by a majority decision among this n 2 pairwise cutoffs. An EDGAR project is realized by an allagainst-all comparison of all genes of a set of genomes using BLASTP. The resulting BLAST hits are filtered according to the calculated orthology threshold and stored in a MySQL database. The database serves as backend for the EDGAR web server, where all subsequent comparisons are calculated on the fly based on the precomputed BLAST results. EDGAR considers two genes to be orthologous to each other if (A) they have reciprocal best BLAST hits (BBHs), and (B) the SRV values of both single BBHs is above the cutoff. To avoid ambiguities due to identical paralogs within one genome, multiple 100% identical instances of a gene are reduced to one representative during the EDGAR project calculation. The * To whom correspondence should be addressed. Tel: +49 641 9935803; Fax: +49 641 9935809; Email: jochen.blom@computational.bio.uni-giessen.de information about filtered genes is tored and will be displayed in EDGAR results.
The orthology cutoff generated by this approach is quite strict, as all low quality BLAST hits are filtered out. In an example project with 42 genomes from the genus Erwinia, the calculated SRV cutoff is 31. The BLAST comparisons were run with an evalue cutoff of 1e −5 and generated about 40 million BLAST results. Only ∼7.3 million or 18.25% of these results passed the SRV filter. The mean percent identity of all hits was 73.5% (median 79.0%), and the mean evalue 6.6e −9 (median 6.0e −103 ). This confirms the strictness of the filter. In this way it supports the desired high specificity of the orthology estimation. Figure 2 shows the improved Venn diagram layout in EDGAR 2.0. Each included genome has one basic color, and all areas in the Venn diagram representing combinations of genomes are colored in the respective combination color of the included genomes. The numbers within the Venn diagram are now links to a detailed table of all genes that contribute to the respective genome subset. This allows for a detailed inspection of all subsets of the dispensable genome.
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